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membrane 
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Nucleoprotein 
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Virology- 


Category “Corona viruses" 

Realm Riboviria 

Order Nidovirales 

Suborder Cornidovirineae 

Family Coronaviridae 

Subfamily Orthocoronavirinae 

Genus Betacoronavirus 

Subgenus Sarbecovirus 

Species Severe acute respiratory syndrome-related coronavirus 
Individuum SARS, MERS, COVID-19 


Coronaviridae Study Group of the International Committee on Taxonomy of Viruses (Nature 


Severe Acute 

Respiratory 
Wirsises (SRA KooWe 
2) Corona 
Positive-sense strande 
single RNA virus d 


Viral Envelope: (Fat) 
Lipids Protein 


Methods of 
Transmission: Fomites 


(Contact) & Airborne 


Systems 
Involv-* 


Central Nervous 
System 


Cardiovascular 


Primarily 
Respirator Venous 


Thromboembolism 
GI & Renal 


Location of ACE-2 receptor: 
" Lungs (Type II 

Pneumocyte) 

Heart 

Arteries 

Kidney 

Intestines 


Pathophysiolo 
gy 


Virion binds to ACE-2 cell 
surface receptor via the spike 
protein. 

An enzyme, TMPRS22 facilitates 
the entry of the virion. 

The virion releases its RNA. 


© Binding of SARS-CoV2 spike (S) glycoprotein to 
converting enzyme (ACE) 2 and 
or endocytosis 


Some viral RNA is transcribed and 
translated into viral proteins by the 
cell’s machinery. 

Some of the viral proteins form a 

replication complex where more RNA 
IS generated. 

The viral proteins and RNA are 

assembled into a new virion in the 
Golgi and released. 

Resultant Downstream Effect: Acute 
Lung 

ally 


Clinical Presentation- 
History 


Risk 
Obesity (BMieeefor Ors: 
Older age (>65 years 
Male predominance 
Underlying Cardiovascular disease 
Underlying pulmonary conditions 


Inquire about 

theleve! History 
Occupation (HCWs) 

" Exposure to COVID-19 


Contact Diabetes mellitus 
=" HIV Status Ete kidney disease 
" Social Habits (Smoking) Immunocompromised state (on 
" Underlying Comorbidities steroids/ HIV positive) 
" Connective tissue diseases (SLE, 


"Sickle cell disease 

" HIV 
There is a paucity of data on associations between patients with HIV or TB and 
COVID-19; 
Preliminary data from Western Cape: 
HIV-infection may be associated ~2 to 3-fold increased risk in COVID-19 
hospitalisation and death. 


(NICD, 


Clinical Presentation- 
Presenting 


Suspected Case = patient with an Acate (<14 day) Respiratory Tract 
Infection 
or an asymptomatic person who is a close contact of a confirmed case. 


Typical Features ~ | Atypical 
° Dry Cough Featimes Vessel Strokegoun 
g 


e patients) 
sore Throat ° Unexplained abdominal pain 


* Dyspnoea ° Dermatologi 
M EGVEN cal 


° Anosmia or manifestatio 


Dysgeuslia | ns 
(With/ Without Fever, weakness, e Mu Itisystem 
myalgia) 


Non-Infectious 


Viral Bacterial Other Respiratory - 
Interstitial 
Lung Disease 


Influenza* and | Pheumoni Fungal Acute 
covid 19 a P]P# interstitial 
(Typical) Pneumonia 


Rhinovirus Pneumonia Parasite | Cryptogenic organizing 
(Atypical) Malaria pneumonia 


RSV Pulmonary TB} Parasite’ | Acute 
Strongyloides} eosinophilic 
pneumonia 


Hantavirus Miliary TB 


Adenovirus 

causes 

jaundice hep, 

liver damage, 

can be fatal 

with liverfailure 

and death also 

EBUGSriAAGbGE¢ influenza season will begin in May 
ọna i kd Pegumocyst}s jirovecii (PJP) if 


Malignancy 


Bronchoalveol 
ar cell 
carcinoma 


Lymphangitis 


Acute Leukemia 


Lymphoma 


Other 


Diffuse 
alveolar 
Haemorrhage 


Veno-occlusive 
Disease 


Pulmonar 


Embolis 
m 


Sickle Lung 
Vasculitis 


(adapted fromiColeman et al., 


Diagnostic 
Tests 


Specime 
n 
“Collectio 


Uppe Lower 
Transport and store swabs in f š 
universal/viral transport Respirato Respirato 
medium or sterile saline, ry Tract ry Tract Does not require 
between 2-8°C. : : UTM. 


ee rerea "Mid fi Sputum: ~ Bronch _ 

Noe EL SN iy wE (Expectora 5 Entanus 
g s te d) alveola : 

Swab Swab Aspirate 


Comparison of main types of COVID-19 tests 


opm 


antibody test 


f $ 

; 
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Conjugate pad 


campie wel 


Rapid serology antibody test 


| Sample input | 


Result output | 


Serum or plasma sample (whole 
blood or finger prick also possible 


Detection of igMfigG antibodies 
yia color change of strip in lateral 
flow assay 


S5SG8666G866 
806666666686 


Serum or plasma sample 


Detection of igM/igG or RBD igG 
antibodies, via colorimetric assay 


Very low relative cost, can be 
conducted at point-of-care or at 
home, cas<-of-use, fast results 
(5-15 min, highly accurate detection 
of igM/igG several days after onset 


ooeserelijaroseeseseeseoeseeseeeereeren 


| Robust detection of seroconversion 


Status in a laboratory setting, can 
detect igM/igG highly accurately 
several days after onset or sooner 


Diagnostic RT-PCR swab test 
Nasopharyngeal (NP) or 


Dit nated atid a 


Detection of viral SARS-CoV-2 RNA 
yia CDNA sequencing 


Gold-standard diagnostic test, 
directly detects virus presence 
(sequencing viral nucleic acids}, 

most accurate results early in 

disease presentation 


Requires rigorous testing of 
cross-reactivity with other immune 
response, variation of test 
specificity & sensitivity among 

manufacturers 


Requires rigorous testing of 
cross-reactivity with other immune 
response, requires laboratory setting 


Labor intensive, requires numerous 
additional reagents and specialized 
equipment, can lose accuracy after 
~§& days since symptom onset, 
Sensitive to sample collection error 


RT-PCR Viral load: highest at onset sensitivity & decreases as disease 


Peak viral load 
occurs prior to 
onset of 
sym ptoms (He et al., 
2020). 


Gold Standard: RT- 
PCR 


" A single positive 


PCR test is 

sufficient proof of 
COVID-19 

infection. 


Diagnostic 


Tests 


(1) Nasopharyngeal (NP) or 
— Oropharyngeal (OP) swab 


Cotton swab ls inserted into nostril 
to absorb secretions, <15 min 


™ a 
T 


(4) RI-gPCR ~1h per primer set 
i Purified RNA is reverse transoibgd 
to cDNA and amplified by gP CR 


Retro transcription 


uuu — DT 


(2) Collected specimen 0725 


Specimen is stored at 2-9°C for up te 
72 hours of proceed to RMA extraction 


ORFTb 


Example primers and probes for screening 

E Forward: ACAGOTACGTTAATAGTTAATAGCOT 

E_Probed: FAMACAETAGCCATCOTTACTOCOCTTCC-BAQ 
E_Reverse: ATATTOCAGCAGTACGCACACA 

RdRp Forward: GTGARATGGTCATGTETGGCOE 

Rap Probe: RAM-OodGGTEGWACATCATOMGGTEATGC-ESO 
Rap Probed: Ral-C40G TS GAA0CTOATOAGRARATEC-HH 
Rdtp Rowerse: CARATGTTAAASACACTATTAGCATA 


Primer sequences are for Wwstrive purposes oniby 


(3) RNA extraction ~45 min 


Pi 


Puried RNA is extracted from deactivated virus, 


Deactivated 
virus 


Firat-lires 
apieening Tal 


RdRp gene 


Canhimalory 


Purified RNA 


( 5) Test results real-time 


Positive SARS-CoV? patients cross 
the threshold line within 40,00 cycles 
(= 40.00 Ct}. 


Threshold 


Fluorescente 


Negative 


Copies per reaction (Ct) 


Investigatio 
ns 


*Confirmed case: A person with laboratory confirmation of SARS-CoV-2 
infection (using an RT-PCR assay), irrespective of clinical signs and 
symptoms. Symptomatic cases are considered infectious from 2-3 days 
before symptom onset to 14 days after symptom onset. 


*COVID-19 is a Notifiable Disease 


General Measures for All 

Patients 
Counsel the patient. 
Separate bedroom for self- 
isolation. 
Able to maintain physical 
distancing at home. 
Promote use of Face Masks, 
Hygiene and Hand-washing 
practices. 

normal Dyspnoea should dfmpt\hED Guidelines, 


Management- CALL 
cor 


4 Admission predictors of Severe 


Category 


Comorbidity Hypertensi ND 
Disease 


HIV 
Age 


Lymphocyte 
If Total scor{> ) 
6 


Lactate 
Dehydrogenase 


Severe COVID- 
19 


Investigatio 


a 
Expected Characteristics 
FBC e Normal WBC or Leukopenia 
e Lymphopenia 
e Thrombocytopenia 
Inflammatory CRP, ESR, PCT (raised only in superimposed 
Markers bacterial infection or co-infection), Creatinine Kinase 
and Lactate Dehydrogenase 


Increased ferritin, IL-6 
Organ Function Metabolic Panel, D-Dimer and Cardiac Enzymes 
Arterial Blood Gas |Pa0O2 and Blood pH 


" Pulse Oximetry 


" Spirometry,peak flow,oximetry 
" Imaging (Chest X-Ray or CT Chest) 


CXR 


e Bilateral 
infiltrates 

° Diffuse 
patchy 
opacities 

e° “Ground 
glass 
opacities” 

e Areas of 
consolidatio 
n 
(commonly 
bilateral and 


radio oO We a at ( 


admi E day 3, 
(C) da (D) day 6 after 
smielict mand 6.102020) 


Investigations- 


CT 


Involve 
the lower 
lobes, 
with a 
peripheral 


distributio 
n. 
Consolidat 
ion 
Ground- 
glass 
opacity 
Fine 
reticular 
opacity 
“Crazy 
paving” 
patches - 
inter a 


Managem 
ent 


COVID-19 Complications 


" Consider and Minimize Pneumonia 


Complications Acute Respiratory Distress 
Syndrome 
" For Mild Cases of COVID-19 Septic shock 
or Hospitalized Patients: Cardiac injury 


> Symptomatic relief of fever or Arrhythmia 
pain Liver dysfunction 


= Paracetamol Coagulation Dysfunction: 
Hypercoagulopathy 


. Acute kidney injury 
" Do not routinely give systemic Métabolic Acidosis 


corticosteroids for COVID-19 Neurological Manifestations 
unless they are indicated for Multiple Organ Failure 


Neurological 
Complications 


Non-Specific Presentation: 
Headaches, Nausea, Vomiting, Altered Mental Status, Anosmia, Neuropathy, Delirium 


Central Nervous System | Peripheral Nervous 
Hypercoagulable States: System 
Ischaemic CVA, Central Venous Sinus rdr i>. 
Thrombosis, CNS Vasculitis e Il- Visual 
Haemostatic Dysfunction: Disturbances 
Haemorrhagic CVA, Subarachnoid III - Oculomotor Palsy 
Haemorrhage, Intra Cerebral VI - Abducens Palsy 
Haemorrhage VII - Taste 
Inflammatory: Meningitis, Disturbances 
Encephalitis Spilxat Taste 
Autoimmune Disorders: Guillaine- NeBistoheaakes 
Barre Neuropathy 
Syndrome and Miller Fisher Syndrome e Corticospinal tract 
Immunological Acute ' signs 
Necrotizing Encephalopathy Transverse myelitis 


Hospitalised 


0) 
A 
= 
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Management- 
Pharmacological grins 


(1-5 L/min) 


Simple Face Mask (6- 


10L/min) 
Hypoxemic | — 


Supplemental | Sealant reson | 
Adults SpO2 <90% Oxygen Bag 
Pregnant SpO2 


<92% Trial of CPAP 
Hypovolaem Judicious 


: Avoid Fluid Overload | 
fluid 


Empiric 
Antibiotics 


(NICD Guidelines, 


Management- 


Pharmacological 


Remdesivir 
Monoclonal 
antibodies 
Steroids- 
Dexamethaso 
ne 
Convalescent 
Plasma 


Anticoagulant 
low molecule 


_ Immunological Treatment Options in COVID-19 


ee 1 
> Antibodies from convalescent plasma 
Monoclanal antibodies 
Anti fasion 
ex x oe 


Fusion and Endocytosis 


Extracellular ACE2 Receptor 


3 CQ and HOQ may 
reduce glycosylation 


CQ and HCQ accumulate and increase the pH 
within lysosomes, impairing viral transit throu 
the endolysosomal pathway. 
ne proteolytic function 


and increases CTLA4 expression © n Tres, 


Veber, Naet al, OONN. Imunelogy of QOVID-1¢: currees state of the adiesice. nmhuelty. 


3 Asseinbly — 


I~ 
Protein synthesis 


c 
s ae RdRp Inhibitor 


*  Remdesivir 
P mRNA synthesis x 5 
ZZZS ———»> 


RNA 
synthesis 


een Formation of viral 
ribonucleoprotein 


(RNP) 


— 


% 
— 


===— Replication x 


(RNA dependent RNA polymerase (RdRp) \ 


SROPNOMANS 


Antin Virals 


Remdesivir D 


ACTT-1 STUDY 

Promise in decreasing the time to recovery in the less 
severely ill patients (not requiring oxygen or those 
receiving high-flow nasal cannula, or non invasive 
mechanical ventilation). 


NIH COVID-19 Treatment Guidelines 
Recommendation for Patients with COVID-19 Who 

Are on Supplemental Oxygen but Who Do Not 

Require High-Flow Oxygen, Noninvasive or Invasive (= 
Mechanical Ventilation, or ECMO =a 
Use Remdesivir for 5 days or until hospital discharge 4 


Baseline ordinal score 


G (receiving hight flow oxygen or 
noninvasive mechanical ventilation} 


7 (receiving rmechanical ventilation or ECMO} i s 0,95 (0,64-1,42) 


Management- 
Pharmacological 


Steroids ae 
mr 
> Dexamethasone: beneficial for those in 
ICU 


NIH COVID-19 Treatment Guidelines 

Use dexamethasone 6 mg per day for up to 
10 days for the treatment of COVID-19 in 
patients who are mechanically ventilated 
and in patients who require supplemental 
oxygen but who are not mechanically 
ventilated. 


Management- 
valepharmacological 


me 
niRlasip-19 


Treatment 
Ji ete [ als 
Contains antibodies from 
possive host, can also be 
used as vaccine. 


Outpatient Treatment: Potential Therapeutics 
e Remdesivir: Inhaled formulation under evaluation 
° Favipiravir: Oral - Faster time to symptom resolution 
° Large NIH funded trial (ACTIV-2): Soon 


Vaccine Brand 
Name 


Pfizer-BioNTech 


Moderna 


Johnson & Johnson's 


Janssen 


OCORA 


Who Can Get this 
Vaccine [11 


People 12 years and 
older 


People 18 years and 
older 


People 18 years and 
older 


How Many Shots 
You Will Need 


2 shots 
Given 3 weeks (21 
days) apart [21 


2 shots 
Given 4 weeks (28 


days) apart [2] 


1 shot 


Vaccines (Approved by 


When Are You 
Fully Vaccinated? 


2 weeks after your 
second shot 


2 weeks after your 
second shot 


2 weeks after your 
shot 


Vaccines and their side 
effects 


Pfizer-BioNTech: itis an mRNA vaccine which must be stored in freezer-level 
temperatures. It is currently recommended for anyone who is 12 and older. (Currently 
being studied tn children aged 5 - 11). Consists of 2 doses 21 days apart. Common 
side- effects include: chills, headache, tiredness and pain/swelling at site which 
generally resolves within 72 hours. Rare cases of: venous thrombosis, sagittal sinus 
thrombosis, cerebral and splenic thrombi have been reported. Cases of pericarditis and 
myocarditis have been reported in 12,6 cases per million second doses administered. 
Mechanism of action: delivers a tiny piece of genetic code from the SARS CoV-2 virus 
(Spike protein) to the host body cells essentially instructing the cells to make more of 
the spike proteins which stimulates an immune response by producing antibodies and 
memory cells that will recognize and respond if the body is ever infected with the actual 
virus. 

Studies reported on in England against the Delta variant showed that after two doses 
it is 88% effective against symptomatic disease and 96% effective against 
hospitalization. 


Vaccines and their side 
effects 


Moderna: It is also uses the same mRNA technology as Pfizer. Recommended for 
adults 18 and older. (Currently studies being done in children aged 5 and older). 
Consists of 2 doses 28 days apart and is fully effective 2 weeks after the 2"4 dose. Side 
effects similar to Pfizer (chills, headaches, tiredness, pain and swelling at site as well as 
very rare but reported cases of myocarditis and pericarditis). Studies have shown that 
the immunity is two times weaker against Delta variant as it is against the original strain 
of the virus. Although more research is needed against it’s effectiveness against Delta 
variant, since it is a MRNA vaccine most literature point out that it has similar efficacy 
as Pfizer. 


Vaccines and their side 


nson Sif GSon: It is different to Pfizer and Moderna in that it is a 
virus vector vaccine and it also consists of 1 dose. It is easier to distribute and 
administer as it can be stored at normal refrigerator temperatures. Recommended for 
adults of 18 years and older. Common side effects include: Fatigue, fever, headache, 
myalgia and pain at injection site. Rare side effects include: Guillian-Barre syndrome( an 
acute postinfectious demyelinating polyneuropathy) which occurred within 42 days after 
vaccination and_blood clotting disorders which occurred in a small number of cases. 
Mechanism of action: This is a carrier vaccine which there is a harmless adenovirus as a 
Shell which carries the genetic code for spike proteins which allows the body to elicit an 
immune response to produce antibodies and memory cells against these spike proteins. 
Studies have shown that this vaccine is 71% effective against hospitalization and 95% 
effective against death with respect to its immunity against the Delta variant of this 
virus. 


Population vaccinated 


South Africa: Doses Given of Pfizer and J&J: 15,7 million 
Fully Vaccinated. 7,73 million 
(13,2% of population fully vaccinated) 


Worldwide: Doses Given: 5, 92 Billion 

Fully Vaccinated: 2,47 Billion 
(31,7 % of population fully vaccinated) 
(As per 20 September 2021) 


NB: Booster doses are now being advocated for in patients who are already fully vaccinated which means a third dose for 
Pfizer and Moderna as well as a second dose for Johnson and Johnson. 


Vaccines used in other 


ford- ACOWALELSS. is a Carrier vaccine similar to J&J. It has been 


Shown to be cheaper to make per dose while other vaccines can be stored frozen this 
one can be stored in a normal refrigerator for up to 6 months. Recommended for adults 
18 and older. Consists of 2 doses 4 to 12 weeks apart. Some countries have suspended 
the use of this vaccine as a small number of recipients had developed unusual blood 
clots with low platelets and died. In July a study published in the Lancet journal showed 
that the estimated rate of thrombosis with thrombocytopaenia syndrome was 8.1 cases 
per million after first dose and 2.3 million after 2"4 dose. 


Novavax: It is a different type of vaccine to all the others as it is a protein 
adjuvant (an adjuvant is an ingredient used to strengthen an immune response). Unlike 
the mRNA and vector vaccines, which trick the body into creating parts of the virus that 
can trigger an immune response , Novavax contains the spike protein of the coronavirus 
itself as a nanoparticle (cannot cause disease) which elicits a T cell mediated immune 
response as well as antibodies against the virus. It can be stored in a refrigerator 
makina it easier to distribute. (It has heen studied with use in combination with the 


Strains of COVID-19 virus 


Viruses undergo different mutations which causes new Strains of the virus to arise which carry 
their own characteristics and virulence. The major variants of concern of SARS-CoV-2 include 


SARS-COV-2 VARIANTS RENAMED ns 


The WHO released a new nomenclature to denote variants of the Sars-Cov-2 that may make the coronavirus more 
dangerous in an attempt. to simplify their names and discourage the practice of associating these to regions or countries 


VARIANTS OF CONCERN 


Established to have attributes that make them ‘fitter’ than the first version of the virus 


NEW WHO PANGO LINEAGE FIRST DATE OF CONCERN 
LABEL (MOST COMMONLY FOUND IN DESIGNATION | BECAUSE 
USED CODE) 
i B117 UK (Kent); Dec 18, 2020 Spreads more rapidly than 
niidi September, 2020 VOC) predominant virus 
South Africa; May, Shows significant 
B.1.351 3020 Dec 18, 2020 See aes 
Brazil; November Shows some resistance, 
P1 2020 Jan 1, 2021 enhanced infectivity 


India; October, Significantly more transmi- 
B.1.617.2 2020 May T1, 2021 ssible; somewhat resistant 


VARIANTS OF INTEREST 


These are being investigated by scientists at present 


NEW WHO | PANGO LINEAGE FIRST DATE OF CONCERN 
LABEL (MOST COMMONLY FOUND IN DESIGNATION | BECAUSE 
USED CODE) 
US (California); May be more 
B.1.427/B.1.429 March, 2020 March 5, 2021 i eee 


ae " May be more 
- P.2 Brazil; April, 2020 March 17, 2021 Se 
Multiple countries; May be more resistant to 
B.1.525 Dec, 2020 March 17, 2021 es 
P3 Philippines; Jan, March 24, Has some of the same 
i 021 2021 mutations as the other VOCs 
B1.526 US (New York); March 24, May be more 
hd Nov, 2020 2021 resistant 
India; October, May be more resistant, 


B.1.617.1 April 4, 2021 


2020 spread more readily 


COVID-19: Autopsy 
Findings 


Wie TO L) 


,, UMAU2D-L0 


A. Lungs with bilateral pulmonary oedema 

B. Lung with thrombi in peripheral vessels DD a 

C. Heart with extreme right ventricular dilatation ioum =” 
(Fox et al., 2020) Lusi - 


H&E stain highlighting areas of diffuse alveolar damage 
(Carsana etal., 


A New Classification 
System 


Cluster 
. “Flu-Like” With No Fever 


. “Flu-Like” With Fever 
. Gastrointestinal 
. Severe Level | (Fatigue) 


. Severe Level Il (Confusion) 


6. Severe Level IlI (Abdominal 
& 
Respiratory) 


Symptoms 


Headache, Loss of Smell, Muscle Pains, Cough, Sore Throat, 
Chest Pain, No Fever 


Headache, Loss of Smell, Cough, Sore Throat, Hoarseness, 
Fever, Loss of Appetite 


Headache, Loss of Smell, Loss of Appetite, Diarrhoea, Sore 
Throat, Chest Pain, No Cough 


Headache, Loss of Smell, Cough, Fever, Hoarseness, Chest Pain, 
Fatigue 


Headache, Loss of Smell, Loss of Appetite, Cough, Fever, 
Hoarseness, Sore Throat, Chest Pain, Fatigue, Confusion, 
Muscle Pains 

Headache, Loss of Smell, Loss of Appetite, Cough, Fever, 
Hoarseness, Sore Throat, Chest Pain, Fatigue, Confusion, Muscle 
Pains, Shortness of Breath, Diarrhoea, Abdominal Pain 


King’s College London (Sudre et al., 


COVID-19 4 


Cytokine Si 


Anatomy of a Cytokine Storm 

An overactive immune response is thought to 
play a role in the disease progression of the 
sickest Covid-19 patients. 


@ Coronavirus infects lung cells. 


2] immune cells, including macrophages, 
identify the virus and produce 
cytokines, part of the body's 
inflammatory response against 
infection. 


(S Alveoli 
{ ` 
d A 


fe 


a Coronavirus 


ate Om 
Macrophage =en 


ae 


ei Capillary (5) 


Red cells 


White blood cells 


Cutakir os at ra t mora immune 
ceus, Such as white divod cells, which 
n waote more cytokines, 
creating a cycle of inflammation that 
damages the lung cells. 


Damage can occur through the 
formation of fibrins, scar tissue that 
impede oxygen from passing into the 
bloodstream. 


Weakened blood vessels allow fluid 
to seep in and fill the lung cavities, 
leading to respiratory failure 


2. Extensive injur 
hesglting from ythe 
cytokine storm can cause 
severe hypoxemia and 
Subsequently Acute 
R¢gadi@tory Distress 
(ARDS). 


3. ARDS may require Non-Invasive (CPAP) or 


Invasive mechanical ventilation 


PETER LAMB 


Nasogastric tube goes | 
through the patient's nose | 
and into stomach 


1 
Endotracheal tube goes 
through the patient's 
mouth and into the A 
trachea 


Í IL 


fea Exhaled air flowing 
away from the patient 
-Ea Air flowing to the 
patient 


Fluid-filled 
interstitium 


Loss of 
surfactant 


Neutrophil 


Protein and 
cellular debris 


Formation of 
scar tissue 


Settings interface and 
patient monitoring 


Mechanical ventilator 
blows air, or air with 
increased oxygen, through 
tubes into the patient's 
airways 


Filter 


Humidifier, 

~~ which warms 
and moistens 
the air 
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